Abstract. This work was investigated on gamma ray scintillation response of inorganic scintillators. BGO and CsI(Tl) was carried out in the energies ranging from 59 keV to 1332 keV. The scintillation responses of the crystals were measured using photomultiplier tube (R1306 PMT) readout. The light yield non-proportionality and energy resolution were analyzed with Gamma Acquisition & Analysis program. The photofraction for both crystals was determined and compared with the cross-section ratio which calculated by WinXCom program.
Introduction
Inorganic scintillators are important in many sectors of elementary and applied research. The application was used in process industry, medical imaging, nuclear medicine and oil exploration [1] [2] . At the moment, BGO (Bi 4 Ge 3 O 12 ) crystal is the most widely prefer to use material but it have several drawbacks such low light output (15% of NaI(Tl)) and slow decay time (300 ns) . Therefore, it has started to improvement the crystal by added impurity such as cerium-doped rare-earth silicates and thallium-doped alkali into the crystal growth technology [3] . In the present, it has many developments of inorganic-scintillators have been published by Kimble [3] , Moszynski [4] and Dorenbos [5] .
The study of this work we present the properties of CsI(Tl) crystals compared with BGO crystal in gamma rays detection by the energy range from 59.5 keV to 1332 keV. The energy resolution and light yield non-proportionality versus energy of gamma rays emitted by different radioactive sources were calculated. The estimated photofraction for all crystals in the pulse height spectra at 662 keV were measured with WinXCom program.
Experimental
The study of BGO and CsI(Tl) inorganic crystals were supplied by Nuclear System Co., Ltd. The crystals with the same a dimension of 10 10 10 × × cm 3 were measured with a photomultiplier tube (PMT) number R1306 by Hamamatsu Photonics. A photomultiplier tube coupled the crystals to using silicone grease covered with several layers of white Teflon tape and wrapped with black tape then covered with aluminum housing. The signal output from the PMT anode was passing through a Canberra 2007B preamplifier and was sent to Canberra 2022 an amplifier. The spectroscopy amplifier set at 0.5 s µ shaping time was used in all measurements. The energy spectra analyzed with software of Canberra MCA to record data.
The measurement of photoelectron yield in PMT with bialkali photocathodes, expressed as a number of photoelectrons per MeV (phe/MeV), was measured by Bertolaccini method [6] [7] . The number of photoelectron was calculated by comparing the position of a full energy peak of gamma rays detected in the crystals and the single photoelectron peak from the photocathode. The light yield and energy resolution to measured by different radioactive source ( 241 Am, 133 Ba, 22 Na,
Results and discussion
In Fig. 1 , presents a comparison gamma excited of the energy spectra were obtained of 662 keV gamma rays from a 137 Cs source measured with CsI(Tl) and BGO crystals. It is seen that CsI(Tl) gives better energy resolution than BGO crystals and the energy resolution show that 7.13% and 16.59% respectively. The measurements with the R1306 PMT are summarizes in Table 1 , the BGO shows a photoelectron yield of 2211.27 phe/MeV corresponds to a light yield of 8504.88 ph/MeV at quantum efficiency of 26.00 %. The CsI(Tl) shows a photoelectron yield of 7662.63 phe/MeV corresponds to a light yield of 63855.25 ph/MeV at quantum efficiency of 12.00 %. Table 1 . Photoelectron yield, light yield and energy resolution at 662 keV gamma rays for the studied crystals as measured with the R1306 PMT.
Energy Spectra and Light Yield
In Fig. 2 , presents the measured total energy resolution ( ∆ E/E) as a function of gamma ray energy, measured for CsI(Tl) and BGO crystals. The trend of energy resolution decreases exponentially with energy increasing [8] . Figure 3 Show the non-proportionality is defined here as the ratio of photoelectron yield measured for photopeaks at specific gamma ray energies relative to the yield at 662 keV gamma peak. Over the energy range from 59.5 keV to 1332 keV, the non-proportionality in its light yield is about 1.53 % of BGO, which is better than that of about 2.65 % for CsI(Tl). 
Non-proprotionality of the Light Yield

Photofraction
The photofraction is defined here as the ratio of counts under the photopeak to the total counts of the spectrum as measured at a specific gamma ray energy. The photofraction for CsI(Tl) and BGO at 662 keV gamma peak is collected in Table 2 . The ratio of the cross-sections for the photoelectric effect to the total one calculated using WinXCom program [9] . The data show that BGO higher photofraction than CsI(Tl) in a same trend with the cross-section ratio (σ-ratio) obtained from WinXCom program. The reason is due to higher effective atomic number (Z eff ) of the BGO crystal.
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Summary
The light output and the energy resolution of BGO and CsI(Tl) crystals were studied and compared in gamma ray detection from a 137 Cs source. The energy resolution of 7.13% for CsI(Tl) is better than of 16.56% for BGO. The CsI(Tl) sample show a high light yield of 63855.25 ph/MeV and the BGO crystal is its high density and effective atomic number, which results in a higher photofraction.
